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Yield Anomaly Index (YAI)Abstract Owing to its severe effect on productivity of rain-fed crops and indirect effect on employ-
ment as well as per capita income, agricultural drought has become a prime concern worldwide. The
occurrence of drought is mainly a climatic phenomenon which cannot be eliminated. However, its
effects can be reduced if actual spatio-temporal information related to crop status is available to the
decision makers. The present study attempts to assess the efﬁciency of remote sensing and GIS tech-
niques for monitoring the spatio-temporal extent of agricultural drought. In the present study,
NOAA-AVHRR NDVI data were used for monitoring agricultural drought through NDVI based
Vegetation Condition Index. VCI was calculated for whole Rajasthan using the long term NDVI
images which reveals the occurrence of drought related crop stress during the year 2002. The
VCI values of normal (2003) and drought (2002) year were compared with meteorological based
Standardized Precipitation Index (SPI), Rainfall Anomaly Index and Yield Anomaly Index and
a good agreement was found among them. The correlation coefﬁcient between VCI and yield of
major rain-fed crops (r> 0.75) also supports the efﬁciency of this remote sensing derived index
for assessing agricultural drought.
 2015 National Authority for Remote Sensing and Space Sciences. Production and hosting by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
Agricultural drought plays a major role in the economy of
agrarian countries like India where more than 68% people
are dependent upon agriculture. About 16% of India’s total
54 D. Dutta et al.area is drought-prone and about 50 million people are
annually affected by drought. The drought-prone areas of
the country are mainly conﬁned to western and peninsular
India––mainly arid, semi-arid, and sub humid regions. The arid
tract of western part of India is under threat of severe droughts
due to paucity, abnormality of rainfall and severe climatic
characteristics (Jain et al., 2010). In the year 2002–2003,
India has faced one of the worst and exceptional drought epi-
sodes in terms of magnitude, spacing, dispersion and duration
(Patel et al., 2012; Dutta et al., 2013). The occurrence of
drought makes the land incapable of cultivation throughout
the year and this situation renders harsh and inhospitable
environmental condition for human being, livestock pop-
ulation and biomass potential and plant species (Siddiqui,
2004). So, there is an urgent need to make an effort to monitor
and mitigate drought disaster with reference to span of time
(Rathore, 2004). A well designed mitigation and preparedness
plan can help the decision makers to reduce the effect of
drought. In this context, monitoring of onset, duration, inten-
sity and extent of drought has become important for managing
the adverse impact of drought.
Although meteorological information from ground stations
has good accuracy and is popular worldwide, the distribution
and density of meteorological stations is insufﬁcient for the
spatial information detection required (Brown et al., 2008;
Unganai and Kogan, 1998). The spatial extent of drought can-
not be properly identiﬁed unless there is a good distribution of
meteorological stations throughout the area. Even then
requirement of time and cost for data preparation and chances
of error may hinder the procedures of drought mitigation. In
this context, drought monitoring through satellite based infor-
mation has been popularly accepted in recent years for its low
cost, synoptic view, repetition of data acquisition and reliabil-
ity. In addition, the Normalized Difference Vegetation Index
(NDVI) and Vegetation Condition Index (VCI) have been
accepted globally for identifying agricultural drought in differ-
ent regions with varying ecological conditions (Nicholson and
Farrar, 1994; Kogan, 1995; Seiler et al., 2000; Wang et al.,
2001; Anyamba et al., 2001; Ji and Peters, 2003). Satellite
based Normalized Difference Vegetation Index (NDVI) is a
useful tool for measuring and monitoring of environmental
conditions such as crop condition simulation, yield estimation,
land degradation, dryland studies etc. (Aboelghar et al., 2010;
Kundu and Dutta, 2011; Barati et al., 2011; Mohamed et al.,
2013; Kundu et al., 2014a, 2014b; Mondal et al., 2014).
Unlike the meteorological based drought estimation, VCI pro-
vides satellite based near real time data with comparatively
high spatial resolution (Quiring, 2009). It can estimate the sta-
tus of vegetation according to the best and worst vegetation
vigor over a particular period in different years that gives a
more accurate result as compared to NDVI while monitoring
drought at a regional scale (Bajgiran et al., 2008). The
NOAA-AVHRR based VCI has been accepted widely for its
suitability to assess several parameters of drought estimation,
i.e., the emergence of drought, its duration, intensity and sever-
ity (Seiler et al., 1998; Domenikiotis et al., 2004; Quiring and
Ganesh, 2010).
On the other hand, the Standardized Precipitation Index
(SPI) is a very useful tool as well as an index to monitor
meteorological drought which is exclusively based on precip-
itation data. According to McKee et al. (1993, 1995), SPI givesan easy and ﬂexible way to monitor drought at a different scale
(Table 2) ranging from near normal (0.99) to extreme
drought condition (<2.0) and it has been recommended by
various studies for its suitability to estimate meteorological
drought at different time lag (Guttman, 1998; Patel et al.,
2007; Kumar et al., 2009, 2012; Quiring and Ganesh, 2010;
Poonia and Rao, 2012; Dutta et al., 2013; Zhang and Jia,
2013; Belayneh et al., 2014). The present study seeks to identify
the onset and spatial extent of agricultural drought using geo-
spatial techniques and assess the suitability of NOAA-
AVHRR derived VCI to monitor the agricultural drought at
regional scale. In order to compare the spatio-temporal extent
of agricultural and meteorological drought, estimates of
NOAA-AVHRR derived VCI were compared with
Standardized Precipitation Index (SPI). Also, the Rainfall
Anomaly Index (RAI) (Van Rooy, 1965; Barring and
Hulme, 1991; Otun and Adewumi, 2009; Ganapuram et al.,
2014) and crop Yield Anomaly Index (YAI) (Dutta et al.,
2011) were calculated to show the deviation of rainfall and
yield during normal and drought year as identiﬁed by long
term satellite data. Further, the estimates of VCI were com-
pared with yield of major rain-fed crops to observe the
relationship between NOAA-AVHRR derived vegetation con-
dition and actual yield of major crops.
2. Study area
Rajasthan is situated in the North-Western part of India and
located between 23300 and 30110North latitudes and 69290
and 78170 East longitudes (Fig. 1). This is the largest state
of India, it comprises 11% of the total geographical area of
the country and consists of 32 districts, 41,353 villages and
four major cities. One of oldest folded mountain chains of
the world, the Aravalli is stretching from southwest to north-
east of the state with a distance of more than 550 km. This
mountain is playing a major role in the climatic as well as phy-
siographic pattern of Rajasthan. The Arabian branch of
Monsoon hits the Eastern slope of Aravalli and the Eastern
part gets sufﬁcient rainfall whereas the Western part remains
dry. The South-Eastern part of Aravalli is characterized by
humid climate, green vegetation and fertile soil whereas
North-Western part has desert or semi desert condition. The
Thar desert, located in the North-West of Rajasthan has a
unique desert ecosystem. There is a vast diurnal variation in
temperature during winter and summer season. The spatial
pattern of precipitation shows a slow decrease in average
annual rainfall from east to west part of the state which is
mainly associated with the pattern of relief of this area.
Stretching from southwest to northeast part of the state, the
Aravalli Mountain plays a major role in the climatic pattern
of Rajasthan. The Arabian branch of Monsoon hits the
Eastern slope of Aravalli and the Eastern part gets sufﬁcient
rainfall whereas the Western part remains dry. As a conse-
quence, the South-Eastern part of Aravalli is characterized
by humid climate, green vegetation and fertile soil whereas
North-Western part has desert or semi desert condition.
There are two crop seasons in the study area, Kharif and
Rabi. Kharif crops are dependent upon monsoonal rainfall
for water and sown in June–July and harvested in the months
of September and October, whereas Rabi crops are cultivated
in winter season. They are sown in October–November and
Figure 1 Study area.
Assessment of agricultural drought 55harvested in the months of March–April. Drought is a very
common phenomenon over here. According to the Disaster
management and Relief Department, the Western part of
Rajasthan experiences drought very frequently (once in
3–4 years) whereas most of the Eastern part of Rajasthan
experiences drought once in 5–6 years (Fig. 1).
3. Materials and methods
In order to monitor the onset, duration and spatial extent of
agricultural drought, long term NDVI has been used in the pre-
sent study. This index is useful for estimation of biomass poten-
tial measuring leaf area index (LAI) and production pattern
(Thenkabail et al., 2004). Over the years, NDVI has been suc-
cessfully used by many researchers in different studies based
on vegetation phenology, vegetation classiﬁcation and mapping
of continental land cover (Tucker et al., 1985; Tarpley et al.,
1984). NDVI is suitable for monitoring drought, estimating
healthy status of vegetation, crop growth conditions and crop
yields (Kogan, 1987; Dabrowska-Zielinska et al., 2002; Singh
et al., 2003). The basic concept ofNDVI is based on the fact that
internal mesophyll structure of healthy green leaves reﬂects
Near-Infrared (NIR) radiation whereas the leaf chlorophyll
and other pigments absorb a large proportion of the red visible
(VIS) radiation. This function of internal leaf structure becomes
reversed in case of unhealthy or water stressed vegetation.
NDVI ¼ ðNIR VISÞ=ðNIRþ VISÞ ð1Þ
NDVI is calculated by the difference between reﬂectance in
near infrared (NIR) and visible red (VIS) band of electromag-
netic spectrum. The value of NDVI ranges between 1 and+1. It is found below 0.1 in the areas with barren rock, sand
and snow cover whereas it may range from 0.6 to 0.8 in tem-
perate and tropical rainforests. NDVI has been accepted as a
popular index for monitoring agricultural drought (Son
et al., 2012), estimating soil moisture (Xin et al., 2006; Chen
et al., 2011) and vegetation condition (Singh et al., 2003).
However, the utility of NDVI for studying vegetation and
related issues may be constrained by several sources of error
that usually occur due to atmospheric noise and many other
reasons like satellite orbital drift, satellite change and sensor
degradations (Kogan, 1995). Since weather related NDVI
ﬂuctuations cannot be detected easily, the ecological compo-
nent must be separated from the impact of weather for estimat-
ing the actual condition of vegetation health. In this context,
Kogan (1995) suggested Vegetation Condition Index for
identifying drought related vegetation stress and measuring
the intensity, time of onset, duration, dynamics and impacts
of drought on overall vegetation condition.
NOAA-AVHRR based NDVI has been successfully used
for global long term vegetation trends (Fensholt and Proud,
2012), categorization and quantiﬁcation of vegetative drought
(Rulinda et al., 2012) and estimating the drought vulnerability
(Do and Kang, 2014; Vrieling et al., 2014). Long term (1984–
2003) satellite data from NOAA-AVHRR GIMMS (Global
Inventory Modeling and Mapping Studies) have been used in
the present study to compute VCI for monitoring the agricul-
tural drought. The AVHRR gives information through differ-
ent channels which are sensitive to incoming solar radiation
(light) in the visible (channel 1: 0.58–0.68 mm), near infrared
(channel 2: 0.75–1.0 mm), mid-infrared (channel 3A: 1.58–
1.64 mm), far infrared (channel 3B: 3.55–3.93 mm), thermal
Table 1 SPI classiﬁcation (McKee et al., 1993).
SPI value Category Probability (%)
>2.0 Extremely wet 2.3
1.5–1.99 Very wet 4.4
1.0–1.49 Moderately wet 9.2
0.99 to 0.99 Near normal 68.2
1.0 to 1.49 Moderately dry 9.2
1.5 to 1.99 Very dry 4.4
<2.0 Extremely dry 2.3
56 D. Dutta et al.infrared (channel 4: 10.3–11.3 mm and channel 5: 11.5–
12.5 mm) range (Quiring and Ganesh, 2010). The GIMMS
NDVI dataset has 1.1 km of spatial resolution at nadir and
they are corrected to eliminate the effect of volcanic aerosols,
satellite drift, cloud cover and residual sensor degradation.
The dataset consisting of ﬁfteen day composite images of past
20 years (1984–2004) was stacked, converted from GEOTIFF
format to image (.img) format and resized according to the
boundary of study area. The resized stacked layers then re-pro-
jected into Alberts Equal Area Projection considering the
WGS 84 datum. This projection was adopted to keep the origi-
nal pixel size. In order to get the actual value of NDVI ranging
from +1 to 1 scale, the re-projected images were rescaled
using the scale factor 0.001.
3.1. Vegetation Condition Index (VCI)
The following VCI equation was applied on the ﬁnal NDVI
database:
Vegetation Condition Index ðVCIÞ
¼ ðNDVIj NDVIminÞ=ðNDVImax NDVIminÞ  100 ð2Þ
Here, NDVImax and NDVImin represent maximum and
minimum NDVI of each pixel calculated for each month and
j represents the index of current month. VCI value is being
measured in percentage ranging from 1 to 100. The range
between 50% and 100% indicates above normal condition of
vegetation whereas the values ranging from 50% to 35% indi-
cate the drought condition and below 35% indicates severe
drought condition (Kogan, 1995). This index normalizes
NDVI and separates the long-term ecological signal from the
short-term climate signal and in this sense it proves to be a bet-
ter indicator for monitoring water stress condition as com-
pared to NDVI (Kogan and Sullivan, 1993). The resulted
images of Vegetation Condition Index (VCI) were classiﬁed
on the basis of drought severity classiﬁcation proposed by
Kogan (1995).
3.2. Standardized Precipitation Index (SPI)
It was calculated using the following formula and classiﬁcation
scheme (Table 1) as proposed by Mckee et al. (1993). Long
term monthly rainfall data (1983–2004) were collected from
Meteorological Department of India and SPI was estimated
to observe the spatio-temporal extent and intensity of




ba  CðaÞ for x > 0 ð3Þ
where, a> 0 is a shape parameter, b> 0 is a scale parame-
ter, v is the precipitation amount and U(a) is the gamma
function.
3.3. Crop Yield Anomaly
It is a useful technique for identifying deviation of yield for a
particular year from its long term trend. Crop statistics of
major rainfed crops i.e., Maize, Sorghum and Pearl Millet
(1984–2004) were collected from the website of RajasthanKrishi. Yield anomalies of these crops were calculated using
the following formula:
YAI ¼ ðY lÞ=r ð4Þ
where,
YAI = Yield Anomaly Index
Y=Crop Yield
l= Long term average yield
r= Standard Deviation.
3.4. Rainfall Anomaly Index (RAI)
Among different indicators of drought monitoring, rainfall
anomaly is the most effective and simple meteorological
drought index. Average annual rainfall of Rajasthan was col-
lected for a period of 22 years (1983–2004) and rainfall anom-
aly of each year was calculated using long term average rainfall
of study area. The years with low rainfall values indicate nega-
tive departure from mean seasonal rainfall which is further
denoted as drought years. The following formula was used
for calculation of Rainfall Anomaly Index:
RAI ¼ ðR lÞ=r ð5Þ
where,
RAI = Rainfall Anomaly Index
R=Rainfall
l= Long term average rainfall
r= Standard Deviation
4. Results and discussion
4.1. NDVI and drought monitoring
Long term NDVI for different fortnights of rain-fed season
(July–September) was used in the present study. Though
NDVI has been used by many authors for studying drought,
it has been recommended by a number of studies to use VCI
rather using NDVI alone. The stacked NDVI layers were
visualized to identify differences in vegetation health during
drought and wet year (Fig. 2a and b). In order to assess the
performance of NOAA-AVHRR derived NDVI, two consecu-
tive years, 2002 and 2003 were chosen for their distinct NDVI
characteristics. While visually comparing the NDVI of 2002
and 2003, a visible difference was observed between the eastern
and western part of Rajasthan. The diversity in NDVI indi-
cates spatial variation in vegetation health within the area.
This kind of spatial variability has occurred mainly because
of the uneven distribution of monsoonal rainfall which is sig-
niﬁcantly less in western part than the eastern part of the area.
Figure 2 NDVI of August, 2002 (a) and 2003 (b).
Figure 3 Spatio-temporal (fortnightly) pattern of Vegetation Condition Index for drought year (2002) and normal year (2003).
Assessment of agricultural drought 57Also, the NDVI image of both the years shows considerable
temporal variation within the study area. The NDVI of west-
ern part was found relatively less during both the years which
can be explained by the presence of great Indian Thar Desert
and the semi-arid climatic region surrounding it. However,
the NDVI during the year 2002 was found far less than 2003
in most of the areas which indicates a vegetation stress condi-
tion during the peak Monsoon season.
4.2. Drought monitoring through VCI
In order to quantify drought from a long term observation
from space, the NDVI derived drought index, VCI was used
in the present study. Fig. 3 illustrates the vegetation condition
for different fortnights of kharif crops for the year 2002 and
2003. It was found that severe drought condition prevailed
during kharif season of the year 2002 over a large area of
Rajasthan. The onset and extent of drought can be clearly
observed from the VCI maps of consecutive fortnights of
2002. Acute water stress is evident all over the state during
the 1st fortnight of August, 2002. From the 2nd fortnightof August 2002, the condition was quite improved over the
eastern part. Rajasthan had experienced one of the worst
droughts during this year and it was the ﬁfth incessant
drought in the state (Malik, 2014). Almost 40 million people
and 50 million cattle were affected in 2002 drought alone. In
spite of prevalence of drought condition over a large area of
Rajasthan during this year, some areas of eastern Rajasthan
had remained unaffected from water stress. These areas are
characterized by humid and sub humid type of climate which
helps to keep the area green even during the drought year.
Spatial variation in vegetation health resulted from the
uneven distribution of rainfall has a great inﬂuence in varia-
tion of agricultural yield of Rajasthan. Since the region
receives monsoonal rainfall much higher than the western
part even in drought year, it remains suitable for cultivation
of Kharif crops. However, the vegetation condition was visi-
bly stressed during the year 2002 than 2003. The vegetation
health was found normal over a large area of Rajasthan dur-
ing the year 2003. Even some part of the western Rajasthan
was comparatively greener due to sufﬁcient amount of rain-
fall in 2003.
Figure 4 Standardized Precipitation Index (SPI) for drought year (2002) and normal year (2003).
58 D. Dutta et al.4.3. Drought monitoring through SPI
The SPI is a very popular meteorological drought index which
has been frequently used by decision makers for measuring
and monitoring the intensity of meteorological drought events.
Except these, SPI is useful for identifying spatio-temporal
extent of long term historical droughts. In this study, this index
was used to identify the incidence of meteorological drought,
its intensity and spatio-temporal extent and thus comparing
the results with agricultural drought index VCI. The spatio-
temporal pattern of SPI shows that there was a prolonged
dry condition prevailing during the monsoonal season of
2002 (Fig. 4). The SPI values ranged from 1.00 to 2.00 dur-
ing the month of July and August (Table 2) indicating the pres-
ence of a moderately to extremely dry condition over the state.
4.4. VCI and SPI of July 2nd and August 1st Fortnight
In order to study the temporal variation of VCI, a drought
year VCI sequence was compared with that of a wet year
(Fig. 5). The average VCI value was found below 50 for all
of the districts of Rajasthan during the drought year, among
them maximum districts were having VCI value below 35
which indicates existence of a severe drought condition over
the region, whereas, the vegetation condition of maximum dis-
tricts of Rajasthan was above normal during 1st fortnight of
August, 2003. The difference between VCI of drought year
and normal year was highest in the 1st fortnight of August
indicating the effect of varying monsoonal rainfall upon veg-
etation health.
While talking about agricultural drought, the whole sce-
nario remains incomplete if we do not focus on meteorologicalconditions of the region. In order to study the highly variable
nature of monsoonal rainfall, the SPI values of both the years
were compared with each other (Fig. 6). The average SPI value
of Rajasthan was found to be 1.40, 1.58 and 1.70 during
July, August and September respectively and it was 0.67, 0.55
and 0.45 during the normal year (2003). It indicates the preva-
lence of moderately to very dry conditions over the region dur-
ing 2002. The result of SPI agrees with the ﬁndings of satellite
based drought index VCI which conﬁrms the occurrence of
drought during the rain-fed months of 2002.
4.5. Fortnightly pattern of VCI and SPI
The fortnightly pattern of VCI of two selected districts from
different agro climatic regions is illustrated in the following
graphs (Fig. 7). A distinct difference between VCI of drought
year and normal year is clearly evident from the following
graphs where average VCI of normal year was more than 40
throughout the kharif season and it was much less in drought
year. It even reached below 20 in the semiarid district Ajmer
during August, 2002 and during end of September to
October, 2002 in Humid Banswara. As a whole, VCI values
were much greater in the normal year 2003 than the drought
year 2002 indicating prevalence of normal condition in 2003
and drought condition in the year 2002.
A signiﬁcant difference in SPI of drought year (2002) and
wet year (2003) can be observed from the fortnightly pattern
of SPI (Fig. 8). The average SPI of Rajasthan was found more
than 0.75 throughout the kharif season of 2003 whereas it was
much less during the year 2002. The SPI value reached below
1.50 in the semiarid district Ajmer and humid Banswara dur-
ing September, 2002. The results obtained from the fortnightly
Table 2 District wise SPI during drought (2002) and wet year (2003).
Sl. No. Districts Drought year (2002) Wet year (2003)
SPI02_Jul SPI02_Aug SPI02_Sep SPI03_Jul SPI03_Aug SPI03_Sep
1 Ajmer 1.24 1.47 1.5 0.49 0.23 0.25
2 Alwar 1.54 1.54 1.58 0.67 0.6 0.54
3 Banswara 1.61 1.5 1.63 1.15 1.22 1.07
4 Baran 1.27 1.31 1.33 0.86 0.77 0.51
5 Barmer 1.14 1.24 1.37 0.48 0.19 0.15
6 Bharatpur 1.3 1.48 1.48 0.73 0.77 0.67
7 Bhilwara 1.24 1.48 1.72 0.33 0.06 0.04
8 Bikaner 1.33 1.65 1.88 0.58 0.39 0.36
9 Bundi 1.54 1.9 1.81 1.05 0.69 0.58
10 Chittaurgarh 1.32 1.52 1.85 0.44 0.44 0.35
11 Churu 1.78 1.87 2.04 1.07 0.95 0.75
12 Dausa 1.71 1.88 1.58 0.54 0.34 0.06
13 Dhaulpur 1.59 1.61 1.5 0.84 0.88 0.78
14 Dungarpur 1.33 1.29 1.59 0.9 0.72 0.47
15 Hanumangarh 1.28 1.62 2.35 0.5 0.35 0.58
16 Jaipur 1.61 1.81 2.18 0.58 0.36 0.28
17 Jaisalmer 1.21 1.33 1.77 0.58 0.66 0.18
18 Jalor 1.44 1.63 1.4 0.65 0.47 0.6
19 Jhalawar 1.44 1.63 1.97 0.68 0.61 0.39
20 Jhunjhunu 1.6 1.82 1.65 0.67 0.6 0.47
21 Jodhpur 1.39 1.79 1.96 0.03 0.02 0.52
22 Karauli 1.42 1.53 1.88 1.01 1.01 0.02
23 Kota 1.08 1.32 1.48 0.39 0.3 0.98
24 Nagaur 1.25 1.48 1.49 0.53 0.42 0.29
25 Pali 1.4 1.64 1.71 0.35 0.3 0.41
26 Rajsamand 1.37 1.6 1.95 0.7 0.57 0.35
27 Sawai Madhopur 1.21 1.43 1.61 0.84 0.71 0.46
28 Sikar 1.44 1.74 1.39 0.81 0.69 0.52
29 Sirohi 1.72 1.87 1.85 0.48 0.36 0.54
30 Sri Ganganagar 1.56 1.79 1.92 1.04 0.89 0.41
31 Tonk 1.31 1.54 1.59 0.76 0.52 0.24
32 Udaipur 1.12 1.29 1.38 0.66 0.69 0.52
Figure 5 Comparison of drought and normal year VCI during July (a) and August (b) for different districts of Rajasthan.
Assessment of agricultural drought 59pattern of SPI signiﬁcantly coincide with the fortnightly pat-
tern of VCI in both of districts.
4.6. Rainfall Anomaly Index (RAI)
Long term average annual rainfall of Rajasthan was analyzed
for a period of 22 years (1983–2004) using the Rainfall
Anomaly Index to identify the years with meteorological
drought. It was found that the results from remote sensing
based index VCI and meteorological drought index RAI are
quite identical as both of the indexes are indicating occurrenceof drought in 2002 and normal condition in the year 2003. It
can be observed from the following ﬁgure (Fig. 9) that the year
2002 took the second highest position in rainfall deﬁcit fol-
lowed by the year 1987 which is a remarkable year for occur-
rence of a severe drought.
4.7. VCI and yield of major rain-fed crops
Agricultural drought has an inverse relation with the amount of
precipitation received by an area and it inﬂuences the productiv-
ity of crops directly. In order to examine whether VCI based
Figure 6 Comparison of drought and normal year SPI during July (a) and August (b) for different districts of Rajasthan.
Figure 7 Fortnightly pattern of VCI in semiarid Ajmer (a) and humid Banswara (b).
Figure 8 Monthly pattern of SPI in semiarid Ajmer (a) and humid Banswara (b).
60 D. Dutta et al.agricultural drought has impact upon crop yield and how crop
yield varies with drought and normal year, the yield of major
kharif crops was analyzed for 2002 and 2003 respectively. It
can be observed that crop yield of major kharif crop like sor-
ghum was signiﬁcantly less during the year 2002 and vis-a`-vis
during 2003 (Table. 3). In order to assess the validity of
NOAA-AVHRR derived VCI estimates, the average VCI of
rain-fed season was compared with yield of major rain-fed
(kharif) crops which reveals that a good agreement exists
between them (Fig. 10). It indicates that 57%, 64% and 61%
of the variation in sorghum, pearl millet and maize yield respec-
tively are accounted for by the vegetation condition of the dis-
tricts. The correlation co-efﬁcient (r) was found to be 0.75,
0.80 and 0.78 (p= 0.05) for sorghum, pearl millet and maize
respectively which reveals that there is a strong positive cor-
relation present between VCI and yield of major kharif crops.It conﬁrms the fact that vegetation health during monsoonal
season plays a signiﬁcant role in crop yield of that season.4.8. VCI and Yield Anomaly Index (YAI)
In order to compare the VCI with yield based drought index,
YAI was calculated using the long term yield data (1984–
2004) of major crops for the year 2002 and 2003. YAI of
Sorghum and Maize of the year 2002 was compared with
YAI of 2003 (Fig. 11) which shows that most of the districts
are having positive YAI in 2003 whereas it was negative in
the year, 2002. It can be observed that Jhalawar district
has highest YAI (Sorghum) in 2003 and lowest YAI in
2002 among all districts of Rajasthan. As remote sensing
based drought index VCI indicates occurrence of agricultural
Figure 9 Rainfall anomaly of Rajasthan.
Table 3 District wise VCI and yield during drought (2002) and wet year (2003).























18 143 61 717 Barmer 19 128 71 714
Bikaner 24 125 43 714 Jalor 10 128 79 714
Churu 8 200 38 667 Sirohi 25 232 88 1068
Jhunjhunu 5 105 55 667 Bhilwara 10 12 80 639
Alwar 20 151 79 520 Udaipur 20 528 85 334
Bharatpur 30 327 83 703 Chittaurgarh 14 450 86 411
Dhaulpur 17 131 68 713 Dungarpur 18 129 95 714
Sawai
Madhopur
13 153 67 1293 Banswara 22 128 93 712
Jaipur 12 54 75 947 Bundi 11 71 68 1471
Sikar 19 125 72 714 Kota 18 720 67 920
Ajmer 7 38 83 583 Jhalawar 27 510 95 1985
Tonk 10 40 82 538 Baran 17 205 76 1115
Jaisalmer 26 100 67 714 Dausa 20 70 81 874
Jodhpur 17 272 72 758 Hanumangarh 8 143 46 706
Nagaur 9 134 66 449 Karauli 21 129 79 714
Pali 14 40 88 524 Rajsamand 22 85 1453
Figure 10 VCI vs yield of major rain fed crops.
Assessment of agricultural drought 61drought during the year 2002, this outcome of YAI also sup-
ports the ﬁndings of our study. Failure of Monsoon in this
state called upon severe drought during the year 2000 causing
long term consequences of shortage of food, drinking water,
fodder, and also employment opportunities. Almost all dis-
tricts had suffered from acute diminution of ground waterstorage due to deﬁciency of rainfall during the period
(UNDMT, 2002). Not only this state, India as a whole
experienced about 21.5% deﬁcit of rainfall during the year
and it was below 56% especially in the month of July leading
to a severe drought over most of the regions in the country
(Bhat, 2006).
Figure 11 District wise yield anomaly of sorghum (a) and maize (b).
62 D. Dutta et al.5. Conclusions
The present study attempts to identify the spatio-temporal
extent of agricultural drought over Rajasthan using remote
sensing based Vegetation Condition Index (VCI) and assesses
the performance of VCI by comparing the estimates with
meteorological drought indicator SPI, RAI and yield based
index YAI. It was found that NOAA-AVHRR NDVI derived
VCI estimates can be useful for monitoring onset, duration
and spatio-temporal extent of agricultural drought. The VCI
was found less than 35% over most of the areas of
Rajasthan in 2002 indicating drought related stress during that
year. While comparing the estimates of the meteorological
based Standardized Precipitation Index (SPI), Rainfall
Anomaly Index (RAI) and Yield Anomaly Index (YAI), the
results were found identical with the outcome of VCI. In order
to validate the VCI based estimates, the correlation between
VCI and yield of major rain-fed crops was analyzed which
indicates a strong positive correlation (rP 0.75) exists between
them. It also proves and justiﬁes the usefulness of remote sens-
ing and GIS technique for identifying drought related stress in
rain-fed crops. Unlike the meteorological data available from
sparsely distributed meteorological stations, remote sensing
based index VCI can be successfully used for delineating the
spatio-temporal extent of agricultural drought.
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